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Description

Priority Application

[0001] This applications claims the benefit of priority
to U.S. Application Serial No. 15/000,812, filed 19 Jan-
uary 2016.

Background

[0002] As memory devices of all types have evolved,
continuous strides have been made in improving their
performance in a variety of respects. For example, the
storage capacity of memory devices has continued to
increase. This increased capacity, has allowed the de-
velopment of ever more sophisticated applications and
data structures. Many enterprises rely on computer sys-
tems that run around the clock to hold and have available
critical data for the continued operation of the enterprise.
Although highly robust, memory chips can fail. Without
a backup plan, data stored on a failed memory chip can
be of such critical importance to the operation of a com-
puter system that significant system downtime can result
if the information cannot be reassembled in a timely man-
ner. Current memory devices can include volatile mem-
ory for normal operation and non-volatile memory for sit-
uations where information stored in volatile memory
needs to be backed-up, such as when power to the vol-
atile memory can be interrupted. Under such situations,
data can be transferred from the volatile memory to the
non-volatile memory for storage during the power disrup-
tion. Upon subsequent power restoration the data can
be retrieved back to the volatile memory for fast storage
and retrieval with a host system. Upon failure of a non-
volatile memory component of the memory module, data
associated with the failed memory component can be
lost and the computer system can be rendered inopera-
ble. Document US 2005/0146939 discusses that data is
transferred from a controller to a first memory chip and
a programming operation is caused to begin. While that
first memory chip is busy performing that program oper-
ation, data is transferred from the controller to a second
memory chip and a programming operation is caused to
begin in that chip. Data transfer can begin to the first
memory chip again once it has completed its program-
ming operation even though the second chip is still busy
performing its program operation.

Summary
[0003] The invention is defined by the method of claim
1 and the system of claim 6. Advantageous embodiments

are defined in the dependent claims.

Brief Description of the Drawings

[0004] In the drawings, which are not necessarily
drawn to scale, like numerals may describe similar com-
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ponents in different views. Like numerals having different
letter suffixes may represent different instances of similar
components. The drawings illustrate generally, by way
of example, but not by way of limitation, various embod-
iments discussed in the present document.

FIG. 1illustrates generally an example memory mod-
ule.

FIG. 2 illustrates generally an example data lane to
non-volatile memory page mapping for a memory
device according to various examples of the present
subject matter.

FIG. 3 illustrates generally an alternative example
memory module.

FIG. 4 illustrates generally a flowchart of an example
method for transferring data between a volatile mem-
ory system and a non-volatile memory system.
FIG. 5 illustrates generally an example data lane to
non-volatile memory page mapping for a memory
module according to various examples of the present
subject matter.

FIG. 6 illustrates generally a flowchart of an example
method for transferring data between a volatile mem-
ory system and a non-volatile memory system.

Description of the Embodiments

[0005] The present inventors have recognized appa-
ratus and methods for reliably storing and retrieving data
within a non-volatile memory component of a memory
module. In addition, stored data can be reconstructed
using error correcting code (ECC) information such that
if a non-volatile memory chip of the memory module fails,
the data, or information, stored on the failed chip can be
restored and the memory module or host system can
mark the chip as failed and cease using the failed memory
chip, whether volatile or non-volatile. Currently, non-vol-
atile dual in-line memory modules (NVDIMM) transfer da-
ta to and from the non-volatile memory devices in a way
that may not support memory error correction such as,
but not limited to, ECC support, chip kill functionality or
combinations thereof. The present subject matter, in ad-
dition to discussing the physical architecture of example
NVDIMM also discusses data transfer schemes within
memory modules that better support chip kill functional-
ity. Chip kill functionality, in general, includes a chip kill
algorithm executed by the host system that can use ECC
information and the other valid data in the memory de-
vices to reconstruct or restore data corrupted by a mem-
ory chip failure. Network server systems have included
chip kill functionality such that a failed volatile memory
chip can be identified by the host processor, the failed
chip can be marked not to use, the corrupted data can
be restored and remapped, and the system can continue
to function until the failed non-volatile memory chip can
be replaced. The present subject matter provides mem-
ory modules and methods that can extend chip kill func-
tionality such that the host system can identify failed non-
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volatile memory devices, restore corrupted data resulting
from the non-volatile memory device failure, and in cer-
tain examples, continue to operate the system until the
non-volatile memory device can be replaced.

[0006] FIG. 1illustrates generally an example memory
module 100. In certain examples, the memory module
100 can include, a power supply 101, at least one non-
volatile memory 102, a non-volatile memory controller
103, aregister 104, a plurality of volatile memory devices
105 (e.g., dynamic random access memory (DRAM) de-
vices), a control and address multiplexer 106, a plurality
of data multiplexers 107, and a plurality of interconnects
(APR, BPR, MDQ). In certain examples, the memory can
be formed on a single printed-circuit board (PCB). In cer-
tain examples, when system power from a system power
supply (not shown) is removed from the memory module
100, the memory device power supply 101 can provide
sufficient power to allow data to be moved from the vol-
atile memory devices 105 to the non-volatile memory
102.In certain examples, the power supply 101 or backup
power source can include a battery. In some examples,
the power supply 101 can include a capacitor. In certain
examples, the memory module 100 is representative of
either a DDR3 or a DDR4 memory module.

[0007] The non-volatiie memory may be termed a
"bank" having one or more individual non-volatile mem-
ory devices. For simplicity, the description herein will re-
fer a "non-volatile memory or non-volatile memory de-
vice," with the understanding that in all cases the refer-
enced non-volatile memory may be a bank of one or more
individual non-volatile memory devices. The non-volatile
memory 102 can save and maintain data when a power
source external to the memory module 100 is removed.
Examples of non-volatile memory devices can include,
but are not limited to, charge storage type memories in-
cluding various flash memory technologies such as
NAND flash memories, magnetic random access mem-
ory (MRAM), spin-transfer torque random-access mem-
ory (STT-RAM), ferroelectric random-access memory
(FeERAM), phase-change memory (PCM), resistive ran-
dom-access memory (RRAM), or combinations thereof.
In certain examples, the volatile memory devices 105
can include random access memory including, but not
limited to, dynamic random access memory (DRAM) that
can provide relatively faster read and write speeds for
use by a host system (e.g., host processor). Such volatile
random access memory typically cannot maintain stored
data when system power is removed from the memory
module 100. The register 104 can control access to the
volatile memory devices 105.

[0008] When system power is present, the register 104
can receive command and address control information
such as memory requests, for example, from the host
system via a host command and address bus 108, and
the command and address multiplexer 106. In certain
examples, the host command and address bus 108 can
be coupled to external connectors for control formed on
the printed-circuit board. The register 104 can respond
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to command and address control information by control-
ling the volatile memory devices 105 to present data to
the host or receive data from the host, via the data mul-
tiplexers 107 and an external connector, for storage in
the volatile memory devices 105. In certain examples,
error correction code (ECC) information can be routed
by the register 104 for storage in the volatile memory
devices 105.

[0009] In certain examples, the memory module 100
can include two volatile memory command and address
buses (APR, BPR), each bus coupled to a respective
block 109, 110 of multiple volatile memory devices 105
and configured to transfer command and address control
information to the volatile memory devices 105. In some
examples, a first block 109 of volatile memory devices
105 can include five data lanes and a second block 110
of volatile memory devices 105 can include four data
lanes. In certain examples, the register 104 can provide
command and address control information to the volatile
memory devices 105 to retrieve data requested by the
host system or hold data provided by the host system.
As used herein, a data lane is defined as a data channel
thatincludes a data communication path and associated
volatile memory associated with transferring data to and
from a non-volatile memory controller. The number of
data lanes in a memory module can be influenced by the
number of volatile memory devices in the memory mod-
ule, the number of memory modules that can simultane-
ously connect with the host data bus or connector, the
size of the host data bus or connector interfacing with
the memory module, the bit length of a data word asso-
ciated with the volatile memory devices, or combinations
thereof. In the examples of FIGS. 1 and 3, a data lane or
data channel includes the memory and data path asso-
ciated with a plurality of volatile memory devices to com-
municate with a host data bus. In the depicted example
configurations, the data path further includes either a plu-
rality of data multiplexers (Fig. 1), or a plurality of data
buffers (Fig. 3) that can simultaneously communicate
with a host data bus to facilitate the described commu-
nication therewith. In certain examples, a byte lane can
be associated with one or more volatile memory devices
(DRAM X, DRAM X+9) that can communicate with a host
data bus via a corresponding data multiplexer (FIG. 1,
MUX X) or a data buffer (FIG. 3, DBX). In certain exam-
ples, each data lane can be a 4-bit wide data lane (nibble
lane). In some examples, each data lane can be 8-bit
wide data lane (byte lane). It is understood that other
data lane bit widths are possible without departing from
the scope of the present subject matter.

[0010] In certain examples, the non-volatile memory
controller 103 can control movement of data between the
volatile memory devices 105 and the non-volatile mem-
ory device 102. For example, upon system power loss,
the non-volatile memory controller 103 can switch the
command and address multiplexer 106 to allow the reg-
ister 104 to receive command and address control infor-
mation from the non-volatile memory controller 103 via
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a second command and address bus 111 instead of from
the host system or host processor. The register 104 can
then assist in controlling movement of data from the vol-
atile memory devices 105 to a data bus (MDQ) that can
couple the volatile memory devices 105 with the non-
volatile memory controller 103. Data can be moved from
the volatile memory devices 105 to the non-volatile mem-
ory controller 103 using the data bus (MDQ). In certain
examples, the non-volatile memory controller 103 can
provide routing information to the plurality of data multi-
plexers 107 so that the data from the volatile memory
devices 105 is routed to the data bus (MDQ) and not to
the host system or processor. In certain examples, the
register 104 and the non-volatile memory controller 103
can cooperate to organize data storage in at least the
non-volatile memory device 102 to allow for chip kill func-
tional system if the host system includes a chip kill algo-
rithm. As data is received at the non-volatile memory con-
troller, the non-volatile memory controller moves the data
to the non-volatile memory device along with signaling
to initiate programming of the non-volatile memory of the
non-volatile memory device.

[0011] In certain examples, the memory module 100
can include an additional non-volatile memory devices
(notshown) such as an EPROM thatincludes parameters
that describe the memory device. In certain systems, the
host can read the parameters stored on the EPROM and,
upon recognizing that the memory module 100 has a
NVDIMM architecture, can monitor and provide certain
signals specific to the memory module 100. Forexample,
the host may monitor the system power supply and pro-
vide a signal to the memory module 100 when an abnor-
mality is detected. The memory module 100 can option-
ally use a state of the signal to initiate saving the data on
the volatile memory devices 105 to the non-volatile mem-
ory device 102. In certain examples, a second state of
the signal can initiate restoring the volatile memory data
from the non-volatile memory.

[0012] In systems that use memory modules, such as
those illustrated in FIGS. 1 and 3, the host processor, or
processors, can store or hold data, including ECC infor-
mation, in volatile memory. A system with chip kill func-
tionality can allow reconstructing data of a failed volatile
memory device 105 if the lost data does not represent a
significant amount of sequential data. Existing methods
of using a memory module can transfer data stored in
volatile memory to the non-volatile memory. Such meth-
ods can include reading sequential data and ECC infor-
mation simultaneously from each volatile memory data
lane and storing the data and ECC information in the non-
volatile memory device. More specifically, the non-vola-
tile controller moves data in parallel from all the volatile
memory data lanes to the non-volatile controller and then
to a page of the non-volatile memory device. As the in-
formation is received at the non-volatile memory device,
the information is sequentially programmed on a page of
the non-volatile memory. If a page of non-volatile memory
is lost due to a non-volatile memory chip failure, a large
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chuck of sequential data and ECC information is lost.
Because the data and ECC information represents a
large chunk of sequential information, the information is
not recoverable even in a system that supports chip Kkill.
[0013] As discussed above, chip kill functionality can
allow recovery of data if there is a limited number of bit
failures within a chuck of consecutive data. A system with
chip kill functionality can allow reconstructing data of a
failed memory chip, such as a failed volatile memory de-
vice 105, if the lost data does not represent a significant
amount of sequential data. In certain examples of the
present subject matter, the chip kill functionality that a
system can have to identify and correct volatile memory
failures can be extended to identify and correct data cor-
rupted due to failures in the non-volatile memory device
102. Typical failures of a non-volatile memory device in-
clude page failures. In certain examples, the chip kill func-
tionality can be extended to the non-volatile memory de-
vice 102 by organizing the data stored in the non-volatile
memory device 102 as the datais organizedin the volatile
memory devices 105 such that each page of the non-
volatile memory device 102 includes small, non-contin-
uous chucks of data from only one data lane of the volatile
memory devices 105.

[0014] Upon power being re-established to the mem-
ory module 100, the non-volatile memory controller 103
canretrieve data from the pages of the non-volatile mem-
ory device 102 and route the data to proper volatile mem-
ory devices 105. If a page failure occurs, the corrupted
data from that page can be transferred from the page to
the volatile memory devices 105. As is shown below, if
the data is organized within the non-volatile memory de-
vice 102 according to the present subject matter, the cor-
rupted data will map to a single data lane of the volatile
memory. When the host detects corrupted data in the
volatile memory after a transfer from the non-volatile
memory, the host can employ the chip kill algorithm and
the data can be corrected.

[0015] FIG. 2 illustrates generally an example data
lane to non-volatile memory page mapping 200 for a
memory module according to various examples of the
present subject matter. A non-volatile memory controller
can manage data storage such that each page of each
die of the non-volatile memory device receives data from
only one data lane (Data lane 0...7) of the volatile mem-
ory. A data lane of volatile memory can be used to store
the ECC information as data is written to or retrieved from
the volatile memory devices. In some examples, the reg-
ister can organize data movement with the host to make
sure an EEC data lane (Data lane ECC) is used to store
ECC information.

[0016] The data lanes of the volatile memory devices
can be organized so that any page (Page 0...21) of any
die of the non-volatile memory device includes only data
from one data lane of the volatile memory. Such organ-
ization, upon failure of a non-volatile memory die, can
allow chip kill functionality because even with a page fail-
ure of the non-volatile circuit, the chance that the number
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of errors within a consecutive chuck of data exceeds the
chip kill algorithm recovery capability is reduced consid-
erably. With reference to FIG. 2, an example method to
achieve this organization of data is to read and load eight
data lanes of data from the volatile memory devices to
the non-volatile memory device. For the illustrated ex-
ample, the eight data lanes can program 64 pages of an
example non-volatile memory device that can accommo-
date 8k bytes of data per page. After programming the
64 pages, the ECC data lane can be read and loaded to
another 8 pages of the non-volatile memory device. If a
page of data is corrupted because of a non-volatile mem-
ory failure, the chip kill functionality, executed by the sys-
tem host, can allow normal operation of the system after
restoring the data to the volatile memory. In addition to
providing an example storage scheme that supports chip
kill functionality, the example methods of transferring da-
ta between the volatile and non-volatile memories can
also be more power efficient. Conventional NVDIMM da-
ta transfer schemes which can require power expendi-
tures to both blocks of volatile memory. Certain examples
of the present subject matter can limit power to a single
block during transfer because data is transferred by data
lane between the volatile and non-volatile memories of
the memory module. In certain examples, addition sign-
aling of the register or the non-volatile memory controller
can be used to regulate power from the memory module
power supplies such that power distribution can be reg-
ulated at the data lane level during data transfers be-
tween the volatile and non-volatile memories thereby pro-
viding additional power conservation. Additional signal-
ing could, for example, be in the form of clock enable
signals or chip enable signals extending from, for exam-
ple, the non-volatile memory controller to each volatile
memory device.

[0017] FIG. 3illustrates generally an alternative exam-
ple memory module 300. In certain examples the memory
module 300 can include memory devices referred to a
non-volatile load-reduced dual in-line memory modules
(NVLRDIMM). In certain examples, the memory module
300 can include a power supply 301, a non-volatile mem-
ory device 302, a non-volatile memory controller 303, a
register 304, a plurality of volatile memory circuits 305
such as dynamic random access memory (DRAM) cir-
cuits, a plurality of data buffers 307, and a plurality of
interconnects (APR, BPR, LDQA, LDQB, LCOM,
BCOM). In certain examples, when a system power sup-
ply (not shown) is removed from the memory module
300, the memory device power supply 301 can provide
sufficient power to allow data to be moved from the vol-
atile memory circuits 305 to the non-volatile memory de-
vice 302. In certain examples, the power supply 301 or
backup power source for the memory module 300 can
include a battery. In some examples, the power supply
301 can include a capacitor. In certain examples, the
memory module is representative of a DDR4 memory
module.

[0018] The non-volatile memory device 302 can save
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and maintain datawhen a main power source is removed.
Examples of non-volatile memory devices can include,
among others, flash memory including NAND or NOR
flash memories. In certain examples, the volatile memory
circuit 305 can include dynamic random access memory
(DRAM) that can provide exceptional read and write
speeds for use by a host processor or host system. Un-
fortunately, in many examples, such volatile memory cir-
cuits 305 cannot maintain stored data when system pow-
er is removed from the memory module 300 for even a
relatively short interval. The register 304 can control ac-
cess to the volatile memory circuits 305. When system
power is present, the register can receive memory re-
quests from the host system via a host command and
address bus 308. The register 304 can respond to com-
mand and address control information by controlling the
volatile memory circuits 305 and the data buffers 307 to
present data to the host or receive data from the host for
storage in the volatile memory circuits 305. Error correc-
tion code (ECC) information from the host can be stored
in the volatile memory circuits 305.

[0019] In certain examples, the memory module 300
can include two volatile memory command and address
buses (APR, BPR), each bus coupled to a respective
block 309, 310 of multiple volatile memory circuits 305.
In some examples, the a first block 309 of volatile memory
circuits 305 can include five data lanes and a second
block 310 of volatile memory circuits 305 can include four
datalanes. In certain examples, the register 304 can pro-
vide command and address control information via the
busses (APR, BPR) to the volatile memory circuits 305
to present and receive data with the host system. In the
present example, a data lane is defined as the data com-
munication path associated with transferring data to and
from a pair of volatile memory circuits (DRAM X, DRAM
X+9) via a corresponding data buffer (DB X).

[0020] In certain examples, the non-volatile memory
controller 303 can control movement of data between the
volatile memory circuits 305 and the non-volatile memory
device 302. For example, upon system power loss, the
register 304 can receive control and address information
from the non-volatile memory controller 303 via a second
control and address bus (LCOM) coupled directly be-
tween the register 304 and the non-volatile memory con-
troller 303. Data can be moved from the volatile memory
circuits 305 to the non-volatile memory controller 303 us-
ing a first data bus (LDQA) and a second data bus
(LDQ@B). The first data bus (LDQA) can be coupled be-
tween the first block 309 of volatile memory circuits 305
and the non-volatile memory controller 303 and the sec-
ond data bus (LDQB) can be coupled between the sec-
ond block 310 of volatile memory circuits 305 and the
non-volatile memory controller 303. In certain examples,
the register 304 can provide routing information via a
data buffer bus (BCOM) to the plurality of data buffers
307 so that the data is routed to either the first or second
databus (LDQA, LDQB) and not the host system or proc-
essor.
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[0021] In certain examples, the register 304 and the
non-volatile memory controller 303 cooperate to organ-
ize the data storage in at least the non-volatile memory
device 302 to allow for chip kill functionality to identify
chip failures of the non-volatile memory device. Chip kill
functionality allows maintaining or reconstructing data of
a failed memory chip such as a failed volatile memory
chip such that the memory module 300 can continue to
function as efficiently as possible with one or more failed
volatile memory devices 305. In certain examples, chip
kill functionality can be available and maintained by
preemptively organizing the data stored in the volatile
and non-volatile memory such that each page of non-
volatile memory includes data from only one data lane
of the volatile memory.

[0022] Upon power being re-established to the mem-
ory module 300, the non-volatile memory controller 303
canretrieve data from the pages of the non-volatile mem-
ory device 302 and route the data to proper volatile mem-
ory devices 305. If a page failure of the non-volatile mem-
ory device 302 has occurred, the corrupted data from
that page can be transferred from the page to the corre-
sponding volatile memory device 305. Asis shown below,
if the data is organized according to the present subject
matter, the corrupted data will map to a single data lane
of the volatile memory. When the host detects corrupted
data in the volatile memory after a transfer from the non-
volatile memory, the host can employ the chip kill algo-
rithm and the data can be restored.

[0023] FIG. 4 illustrates generally a flowchart of an ex-
ample method for operating a memory module. At 402,
a first plurality of pages of non-volatile memory of the
memory module can be filled with data from a first data
lane of dynamic random access memory of the memory
module. At 404, a second plurality of pages of the non-
volatile memory can be filled with data from a second
data lane of the dynamic random access memory. The
first plurality of pages and the second plurality of pages
can be distinct from each other in that the pages do not
overlap or share memory.

[0024] At 406, data from an error correction code
(ECC)datalane of the volatile memory can be transferred
to a third plurality of pages of the non-volatile memory.
The third plurality of pages can be distinct from the first
plurality of pages and from the second plurality of pages.
In certain examples, at 408, the control of the transfer of
data from the volatile memory to the non-volatile memory
can assure that each page of data of the non-volatile
memory includes data from only one data lane of the
volatile memory. Such distinction can allow the memory
module to have chip kill functionality. Chip kill function-
ality can allow data to be reconstructed when a memory
chip fails such as a volatile memory chip. The present
subject matter provides apparatus and methods to ex-
tend chip kill functionality to non-volatile memory devices
of memory modules such that data can be reconstructed,
and restored on failure of a non-volatile memory chip.
Upon restoration, the memory module can continue to
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operate with the failed chip, thus, preventing unsched-
uled downtime on the system. For server systems that
are counted on to run for extended periods between
planned maintenance intervals, the prevention of down-
time from unexpected memory failures can provide an
overwhelming competitive advantage. In certain exam-
ples, filling each page of the non-volatile memory can
include transferring data from a first data lane of the vol-
atile memory to the non-volatile memory device via a
non-volatile memory controller coupled to the non-vola-
tile memory device. In some examples, filling pages of
the non-volatile memory can includes isolating a host
command and address bus from a register of the memory
module. In some examples, the host command and ad-
dress bus can beisolated from the host using a command
and address multiplexer. In certain examples, filling the
pages of the non-volatile memory can include coupling
the register to a second command and address bus of
the memory module using the command and address
multiplexer. The second command and address bus can
be coupled between the register and the non-volatile
memory controller. In some examples, a pair of data bus-
es can be used to transfer data from the volatile memory
to the non-volatile memory controller.

[0025] FIG. 5 illustrates generally an example data
lane to non-volatile memory page mapping 500 for a
memory module according to various examples of the
present subject matter. In certain examples, a non-vola-
tile memory controller can manage data storage such
that each page of each die of the non-volatile memory
device receives data associated with only certain bits of
one data lane (Data lane 0...7) of the volatile memory. A
data lane of volatile memory can be used to store the
ECC information as data is written to or retrieved from
the volatile memory devices. In some examples, the reg-
ister can organize data movement with the host to make
sure an EEC data lane (Data lane ECC) is used to store
ECC information.

[0026] The data lanes of the volatile memory devices
can be organized so that any page (Page 0...21) of any
die (DIE O, ..., DIE 3) of the non-volatile memory device
includes data associated with certain bits of one data
lane of the volatile memory. In the example of FIG. 5,
data associated with the lower four data bits (DQ[0:3]) of
a data lane can be programmed to a first page of non-
volatile memory and data associated with the upper four
data bits (DQI4:7]) of the data lane can be programmed
to a separate second page of non-volatile memory. Such
organization, upon failure of a non-volatile memory die
can allow chip kill functionality because even with a page
failure of the non-volatile circuit, the chance that the
number of errors within a consecutive chuck of data ex-
ceeds the chip kill recovery algorithm capability is re-
duced considerably. With reference to FIG. 5, an exam-
ple method to achieve this organization of data is to read
and load eight data lanes of data from the volatile memory
devices to the non-volatile memory device. For the illus-
trated example, the eightdata lanes can program 64 pag-
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es of an example non-volatile memory device that can
accommodate 8k bytes of data per page. The ECC data
lane can be read and loaded to another 8 pages of the
non-volatile memory device. If a page of data is corrupted
because of a non-volatile memory failure, upon power-
up of the memory module, the non-volatile memory con-
troller can move data from the non-volatile memory de-
vice to the volatile memory devices including attempting
to write the data of the failed page to the corresponding
data lane. As the host system begins to use the memory
module and recognizes corrupted data, the chip kill al-
gorithm of the host can reconstruct the corrupted data
and upon restoration of the data, can allow normal oper-
ation of the system.

[0027] In certain examples, in addition to providing an
example storage scheme that supports chip kill function-
ality for failed non-volatile memory pages, the example
methods of transferring data between the volatile and
non-volatile memories can also be more power efficient.
Conventional NVDIMM data transfer schemes can re-
quire power expenditures to both blocks of volatile mem-
ory during the transfer interval. Certain examples of the
present subject matter can limit power to a single block
during transfer portions of the transfer interval because
data is transferred by individual data lane between the
volatile and non-volatile memory controller of the memory
module. In certain examples, addition signaling of the
register or the non-volatile memory controller can be
used to regulate power from the memory module power
supplies such that power distribution can be regulated at
the data lane level during data transfers between the vol-
atile and non-volatile memories thereby providing addi-
tional power conservation. Additional signaling could, for
example, be in the form of clock enable signals or chip
enable signals extending from, for example, the non-vol-
atile memory controller to each volatile memory device.
[0028] FIG. 6 illustrates generally a flowchart of an ex-
ample method 600 for operating a memory module. At
602, a first page of non-volatile memory of the memory
module can be filled with data from the lower bits, such
as the lower four bits, of a first data lane of dynamic ran-
dom access memory of the memory module. This par-
ticular example is drawn towards volatile memory devic-
es that can move 8 bits of data at each data lane, how-
ever, the scope of the present subject matter is not so
limited. At604, a second page of the non-volatile memory
can be filled with data from the upper four bits of the first
data lane of the dynamic random access memory. At
606, a third page of non-volatile memory of the memory
module can be filled with data from the lower bits of a
second data lane of dynamic random access memory of
the memory module. At 608, a fourth page of the non-
volatile memory can be filled with data from the upper
four bits of the second data lane of the dynamic random
access memory. In certain examples, each of the first,
second, third and fourth pages of the non-volatile mem-
ory device can be distinct from each other in that the
pages do not overlap or share memory.
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[0029] Incertain examples, at 610, data from the lower
four bits of an error correction code (ECC) data lane of
the volatile memory can be transferred to a fifth page of
the non-volatile memory. At 612, data from the upper four
bits of an error correction code (ECC) data lane of the
volatile memory can be transferred to a sixth page of the
non-volatile memory. In certain examples, the fifth and
sixth pages of non-volatile memory can be distinct from
the first thru fourth pages as well as being distinct from
each other. In certain examples, at 614, the control of
the transfer of data from the volatile memory to the non-
volatile memory can assure that each page of data of the
non-volatile memory includes data from only one data
lane of the volatile memory. Such distinction can allow
the memory module to have chip kill functionality or non-
volatile memory failures. In certain examples, filling each
page of the non-volatile memory can include transferring
data from a first data lane of the volatile memory to the
non-volatile memory device via a non-volatile memory
controller coupled to the non-volatile memory device. In
some examples, filling pages of the non-volatile memory
can include isolating a host command and address bus
from aregister of the memory module. In some examples,
the host command and address bus can be isolated from
the host using a command and address multiplexer. In
certain examples, filling the pages of the non-volatile
memory can include coupling the register to a second
command and address bus of the memory module using
the command and address multiplexer. The second com-
mand and address bus can be coupled between the reg-
ister and the non-volatile memory controller. In some ex-
amples, a pair of data buses can be used to transfer data
from the volatile memory to the non-volatile memory con-
troller.

[0030] The above Description of Embodiments in-
cludes references to the accompanying drawings, which
form a part of the detailed description. The drawings
show, by way of illustration, specific embodiments in
which methods, apparatuses, and systems discussed
herein can be practiced. These embodiments are also
referred to herein as "examples." Such examples can
include elements in addition to those shown or described.
However, the present inventors also contemplate exam-
ples in which only those elements shown or described
are provided. Moreover, the present inventors also con-
template examples using any combination or permuta-
tion of those elements shown or described (or one or
more aspects thereof), either with respect to a particular
example (or one or more aspects thereof), or with respect
to other examples (or one or more aspects thereof)
shown or described herein.

[0031] The flowchart and block diagrams in the figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods and com-
puter program products according to various aspects of
the present disclosure. In this regard, each block in the
flowchart or block diagrams can representa module, seg-
ment, or portion of code, which comprises one or more
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executable instructions for implementing the specified
logical function(s). It should also be noted that, in some
alternative implementations, the functions noted in the
block can occur out of the order noted in the figures. For
example, two blocks shown in succession can, in fact,
be executed substantially concurrently, or the blocks can
sometimes be executed in the reverse order, depending
upon the functionality involved. It will also be noted that
each block of the block diagrams and/or flowchart illus-
tration, and combinations of blocks in the block diagrams
and/or flowchart illustration, can be implemented by spe-
cial purpose hardware-based systems that perform the
specified functions or acts, or combinations of special
purpose hardware and computer instructions.

[0032] The functions or processes described herein
can be implemented in software, hardware, human im-
plemented procedures, or a combination thereof. The
software can consist of computer executable instructions
stored on computer readable media such as memory or
other type of storage devices. The term "computer read-
able media" is also used to represent any means by which
the computer readable instructions can be received by
the computer, such as by different forms of wired or wire-
less transmissions. Further, such functions correspond
to modules, which are software, hardware, firmware or
any combination thereof. Multiple functions can be per-
formed in one or more modules as desired, and the em-
bodiments described are merely examples. The software
can be executed on a digital signal processor, ASIC, mi-
croprocessor, or other type of processor operating on a
computer system, such as a personal computer, server
or other computer system. In this document, the terms
"a" or "an" are used, as is common in patent documents,
toinclude one or more than one, independent of any other
instances or usages of "at least one" or "one or more."
In this document, the term "or" is used to refer to a non-
exclusive or, such that "A or B" includes "A but not B,"
"B but not A," and "A and B," unless otherwise indicated.
In this document, the terms "including" and "in which" are
used as the plain-English equivalents of the respective
terms "comprising" and "wherein." Also, in the following
claims, the terms "including" and "comprising" are open-
ended, thatis, a system, device, article, composition, for-
mulation, or process that includes elements in addition
to those listed after such a term in a claim are stilldeemed
to fall within the scope of that claim. Moreover, in the
following claims, the terms "first," "second," and "third,"
etc. are used merely as labels, and are not intended to
impose numerical requirements on their objects.

[0033] The above description is intended to be illustra-
tive, and not restrictive. For example, the above-de-
scribed examples (or one or more aspects thereof) can
be used in combination with each other. Other embodi-
ments can be used, such as by one of ordinary skill in
the art upon reviewing the above description. Also, in the
above Description of Embodiments, various features can
be grouped together to streamline the disclosure. This
should not be interpreted as intending that an unclaimed
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disclosed feature is essential to any claim. Rather, inven-
tive subject matter can lie in less than all features of a
particular disclosed embodiment. Each claim may be
considered as a separate embodiment, which may be
combined with each other in various combinations.
[0034] The scope of the various embodiments of the
invention should be determined with reference to the ap-
pended claims.

Claims

1. A method to preserve chip kill functionality compris-
ing:

transferring data stored in volatile memory to
non-volatile memory (102, 302), wherein the vol-
atile memory comprises multiple volatile mem-
ory devices (105) arranged in multiple data
lanes, the respective data lanes comprising a
respective data path and respective associated
volatile memory circuits (305);

wherein each data lane extends across multiple
volatile memory devices (105); and

wherein the multiple data lanes comprise multi-
ple data lanes in which data is written in the
memory circuits (305), and a ECC data lane in
which ECC information is written in the memory
circuits (305);

writing selected lower data bits from a first data
lane associated with a first volatile memory de-
vice (105) to afirst page of the non-volatile mem-
ory (102, 302);

writing selected upper data bits from a second
data lane associated with a second volatile
memory device (105) to a second page of the
non-volatile memory (102, 302); and

writing ECC information from the ECC data lane
to a third page of the non-volatile memory (102,
302); and

wherein the data of a failed volatile memory de-
vice (105) in an individual data lane, as stored
in a respective page of the non-volatile memory
(102, 302) can be reconstructed through use of
the ECC information stored in the third page of
the non-volatile memory (102, 302).

2. The method of claim 1, further comprising receiving
host command and address information from a host
(112, 312) so that each of the first volatile memory
device (105) and the second volatile memory device
(105) perform normal operations in response to the
host command and address information, and where-
in each of the writing selected lower data bits from
afirstdata line to afirst page and the writing selected
upper data bits from a second data lane to a second
page is performed in response to a command and
address information provided from a memory con-
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troller (103, 303) that is distinct from the host (112,
312).

The method of claim 2, further comprising selecting
one of the host command and address information
and the command and address information provided
fromthe memory controller (103, 303) by acommand
and address multiplexer (106).

The method of claim 1, wherein each of the selected
lower data bits from afirst data lane and the selected
upper data bits from a second data lane is transferred
to the non-volatile memory (102, 302) through a com-
mon data bus.

The method of claim 1, wherein the selected lower
data bits from a first data lane are transferred to the
non-volatile memory (102, 302) through at least a
first data bus, the selected upper data bits from a
second data lane are transferred to the non-volatile
memory (102, 302) through second data bus, and
wherein the first data bus and the second data bus
are distinct.

Asystem (100, 300) preserving chip kill functionality,
the system comprising:

a non-volatile memory including a plurality of
memory pages;

a plurality of volatile memory devices (105) ar-
ranged in plurality of data lanes, the respective
data lane comprising a respective data path and
respective associated volatile memory circuits
(305);

wherein each data lane extends across multiple
volatile memory devices (105); and

wherein the multiple data lanes comprise multi-
ple data lanes in which data is written in the
memory circuits (305), and a ECC data lane in
which ECC information is written in the memory
circuits (305); and

a controller (103, 303) configured to store data
to the plurality of memory pages of the non-vol-
atile memory (102, 302), including:

writing selected lower data bits from a first
data lane associated with a first volatile
memory device (105) to a first page of the
non-volatile memory (102, 302),

writing selected upper data bits from a sec-
ond data lane associated with a second vol-
atile memory device (105) to a second page
of the non-volatile memory (102, 302), and
writing ECC information from the ECC data
lane to a third page of the non-volatile mem-
ory (102, 302); and

wherein the data of a failed volatile memory de-
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10.

1.

12.

vice (105) in an individual data lane, as stored
in a respective page of the non-volatile memory
(102, 302) can be reconstructed through use of
the ECC information stored in the third page of
the non-volatile memory (102, 302).

The system (100, 300) of claim 6, further comprising:

a plurality of first external connectors configured
to receive first control information from a host
(112, 312); and

a register (104, 304), and

wherein the controller (103, 303)is configured to pro-
vide second control information, and the register
(104, 304) is configured to control operations of the
volatile memory devices (105) in response to select-
ed one of the first control information and the second
control information.

The system (100, 300) of claim 6, wherein each of
the data lanes includes a data multiplexer (107) cou-
pled to a respective volatile memory device (105).

The system (100, 300) of claim 6, wherein each of
the data lanes includes a data buffer (307) coupled
to a respective volatile memory device (305).

The system (100, 300) of claim 6, further comprising
a single printed-circuit board, and wherein the non-
volatile memory (102, 302), the volatile memory de-
vices (105) and the controller (103, 303) are mounted
on the single printed-circuit board.

The system (100, 300) of claim 10, further compris-
ing a backup power source (101, 301) mounted on
the single printed-circuit board and configured to pro-
vide a power to the non-volatile memory (102, 302),
the volatile memory device (105, 305) and the con-
troller (103, 303).

The system (100, 300) of claim 6, further comprising:
aprocessor configured to perform an error correction
operation on data.

Patentanspriiche

1.

Verfahren zur Wahrung einer Chip-Kill-Funktion,
Folgendes umfassend:

Ubertragen vonin einem fliichtigen Speicher ge-
speicherten Daten in einen nichtfllichtigen Spei-
cher (102, 302), wobei der fliichtige Speicher
mehrere fliichtige Speichervorrichtungen (105)
umfasst, welche in mehreren Datenspuren an-
geordnet sind, wobei die jeweiligen Datenspu-
ren einen jeweiligen Datenpfad und jeweilige zu-
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geordnete fliichtige Speicherschaltungen (305)
umfassen;

wobei jede Datenspur sich tber mehrere fliich-
tige Speichervorrichtungen (105) erstreckt; und
wobei die mehreren Datenspuren mehrere Da-
tenspuren umfassen, in welchen Daten in die
Speicherschaltungen (305) geschrieben wer-
den, und eine ECC-Datenspur, in welcher ECC-
Informationen in die Speicherschaltungen (305)
geschrieben werden;

Schreiben ausgewahlter unterer Datenbits aus
einer ersten Datenspur, welche einer ersten
flichtigen Speichervorrichtung (105) zugeord-
net ist, in eine erste Seite des nichtfliichtigen
Speichers (102, 302);

Schreiben ausgewabhlter oberer Datenbits aus
einer zweiten Datenspur, welche einer zweiten
flichtigen Speichervorrichtung (105) zugeord-
net ist, in eine zweite Seite des nichtfliichtigen
Speichers (102, 302);

Schreiben von ECC-Informationen aus der
ECC-Datenspur in eine dritte Seite des nicht-
flichtigen Speichers (102, 302); und

wobei die Daten einer ausgefallenen fliichtigen
Speichervorrichtung (105) in einer individuellen
Datenspur, welche in einer jeweiligen Seite des
nichtflichtigen Speichers (102, 302) gespei-
chert sind, unter Verwendung der in der dritten
Seite des nichtflichtigen Speichers (102, 302)
gespeicherten ECC-Informationen wiederher-
gestellt werden kdnnen.

Verfahren nach Anspruch 1, ferner umfassend Emp-
fangen von Host-Befehl- und Adresseninformatio-
nen von einem Host (112, 312) dergestalt, dass jede
der ersten fliichtigen Speichervorrichtung (105) und
der zweiten flichtigen Speichervorrichtung (105)
normale Operationen in Reaktion auf die Host-Be-
fehl- und Adresseninformationen durchfiihren, und
wobei jedes des Schreibens von ausgewahlten un-
teren Datenbits aus einer ersten Datenspur in eine
erste Seite und des Schreibens von ausgewahlten
oberen Datenbits aus einer zweiten Datenspur in ei-
ne zweite Seite in Reaktion auf Befehl- und Adres-
seninformationen durchgefihrt wird, welche von ei-
ner Speichersteuerung (103, 303) bereitgestellt wer-
den, welche sich von dem Host (112, 312) unter-
scheidet.

Verfahren nach Anspruch 2, ferner umfassend Aus-
wahlen eines von den Host-Befehl- und Adressinfor-
mationen und den Befehl- und Adressinformationen,
welche von der Speichersteuerung (103, 303) be-
reitgestellt werden, durch einen Befehls- und Adres-
sen-Multiplexer (106).

Verfahren nach Anspruch 1, wobei jedes von den
ausgewahlten unteren Datenbits aus einer ersten
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Datenspur und den ausgewahlten oberen Datenbits
aus einer zweiten Datenspur in den nichtflichtigen
Speicher (102, 302) durch einen gemeinsamen Da-
tenbus ubertragen wird.

Verfahren nach Anspruch 1, wobei die ausgewahl-
ten unteren Datenbits aus einer ersten Datenspur
an den nichtflichtigen Speicher (102, 302) durch
mindestens einen ersten Datenbus Ubertragen wer-
den, wobei die ausgewahlten oberen Datenbits aus
einer zweiten Datenspur in den nichtflichtigen Spei-
cher (102, 302) durch einen zweiten Datenbus Uber-
tragen werden, und wobei der erste Datenbus und
der zweite Datenbus unterschiedlich sind.

System (100, 300) zur Wahrung einer Chip-Kill-
Funktion, wobei das System Folgendes umfasst:

einen nichtflichtigen Speicher, welcher eine
Vielzahl von Speicherseiten einschliel3t;

eine Vielzahl von fliichtigen Speichervorrichtun-
gen (105), welche in einer Vielzahl von Daten-
spuren angeordnet ist, wobei die jeweilige Da-
tenspur einen jeweiligen Datenpfad und jewei-
lige zugeordnete fliichtige Speicherschaltungen
(305) umfasst;

wobei jede Datenspur sich tber mehrere fliich-
tige Speichervorrichtungen (105) erstreckt; und
wobei die mehreren Datenspuren mehrere Da-
tenspuren umfassen, in welchen Daten in die
Speicherschaltungen (305) geschrieben wer-
den, und eine ECC-Datenspur, in welcher ECC-
Informationen in die Speicherschaltungen (305)
geschrieben werden; und

eine Steuerung (103, 303), welche konfiguriert
ist, um Daten in der Vielzahl von Speicherseiten
des nichtflichtigen Speichers (102, 302) zu
speichern, Folgendes einschlieRend:

Schreiben ausgewahlter unterer Datenbits
aus einer ersten Datenspur, welche einer
ersten flichtigen Speichervorrichtung (105)
zugeordnetist, in eine erste Seite des nicht-
flichtigen Speichers (102, 302),
Schreiben ausgewahlter oberer Datenbits
aus einer zweiten Datenspur, welche einer
zweiten flichtigen Speichervorrichtung
(105) zugeordnet ist, in eine zweite Seite
des nichtfliichtigen Speichers (102, 302),
und

Schreiben von ECC-Informationen aus der
ECC-Datenspur in eine dritte Seite des
nichtfliichtigen Speichers (102, 302); und
wobei die Daten einer ausgefallenen fliich-
tigen Speichervorrichtung (105) in einer in-
dividuellen Datenspur, wie sie in einer je-
weiligen Seite des nichtflichtigen Spei-
chers (102, 302) gespeichert sind, unter
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Verwendung der in der dritten Seite des
nichtfliichtigen Speichers (102, 302) ge-
speicherten ECC-Informationen wiederher-
gestellt werden kénnen.

System (100, 300) nach Anspruch 6, ferner Folgen-
des umfassend:

eine Vielzahl von ersten externen Verbindern,
welche konfiguriert sind, um erste Steuerungs-
informationen von einem Host (112, 312) zu
empfangen; und

ein Register (104, 304), und

wobei die Steuerung (103, 303) konfiguriert ist,
um zweite Steuerungsinformationen bereitzu-
stellen, und das Register (104, 304) konfiguriert
ist, um Operationen der fliichtigen Speichervor-
richtungen (105) in Reaktion auf eine ausge-
wahlte von den ersten Steuerungsinformatio-
nen und den zweiten Steuerungsinformationen
zu steuern.

System (100, 300) nach Anspruch 6, wobei jede der
Datenspuren einen Daten-Multiplexer (107) ein-
schlief3t, welcher mit einer jeweiligen fliichtigen
Speichervorrichtung (105) gekoppelt ist.

System (100, 300) nach Anspruch 6, wobei jede der
Datenspuren einen Daten-Puffer (307) einschlief3t,
welcher mit einer jeweiligen fliichtigen Speichervor-
richtung (305) gekoppelt ist.

System (100, 300) nach Anspruch 6, ferner umfas-
send eine einzelne Leiterplatte, und wobei der nicht-
flichtige Speicher (102, 302), die flichtigen Spei-
chervorrichtungen (105) und die Steuerung (103,
303) auf der einzelnen Leiterplatte montiert sind.

System (100, 300) nach Anspruch 10, ferner umfas-
send eine Ersatz-Stromquelle (101, 301), welche an
der einzelnen Leiterplatte montiert und konfiguriert
ist, um Strom an den nichtfliichtigen Speicher (102,
302), die flichtige Speichervorrichtung (105, 305)
und die Steuerung (103, 303) abzugeben.

System (100, 300) nach Anspruch 6, ferner Folgen-
des umfassend:

einen Prozessor, welcher konfiguriert ist, um eine
Fehlerkorrekturoperation an Daten vorzunehmen.

Revendications

1.

Procédé pour préserver la fonctionnalité de destruc-
tion des puces, comprenant :

le transfert de données stockées dans une mé-
moire volatile vers une mémoire non volatile
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(102, 302), dans lequel la mémoire volatile com-
prend plusieurs dispositifs de mémoire volatile
(105) disposés dans plusieurs lignes de don-
nées, les lignes de données respectives com-
prenant un chemin de données respectif et des
circuits de mémoire volatile (305) associés
respectifs ;

dans lequel chaque ligne de données s’étend
sur plusieurs dispositifs de mémoire volatile
(105) ; et

dans lequel les plusieurs lignes de données
comprennent plusieurs lignes de données dans
lesquelles des données sont écrites dans les
circuits de mémoire (305), et une ligne de don-
nées ECC dans laquelle des informations ECC
sont écrites dans les circuits de mémoire (305) ;
I’écriture de bits de données inférieurs sélection-
nés a partir d'une premiére ligne de données
associée a un premier dispositif de mémoire vo-
latile (105) surune premiere page delamémoire
non volatile (102, 302) ;

I'écriture de bits de données supérieurs sélec-
tionnés a partir d’'une seconde ligne de données
associée a un second dispositif de mémoire vo-
latile (105) sur une deuxieme page de la mémoi-
re non volatile (102, 302) ; et

I’écriture d’informations ECC a partir de la ligne
de données ECC sur une troisieme page de la
mémoire non volatile (102, 302) ; et

dans lequel les données d’un dispositif de mé-
moire volatile (105) défaillant dans une ligne de
données individuelle, telles que stockées dans
une page respective de la mémoire non volatile
(102, 302) peuvent étre reconstruites par I'utili-
sation des informations ECC stockées dans la
troisieme page de la mémoire non volatile (102,
302).

Procédé selon la revendication 1, comprenant en
outre la réception d’'informations de commande et
d’adresse d’hoéte depuis un héte (112, 312) de sorte
que chacun du premier dispositif de mémoire volatile
(105) et du second dispositif de mémoire volatile
(105) exécute des opérations normales en réponse
aux informations de commande et d’adresse d’hoéte,
et dans lequel chacune de I'écriture de bits de don-
nées inférieurs sélectionnés a partir d’'une premiére
ligne de données vers une premiere page etde I'écri-
ture de bits de données supérieurs sélectionnés a
partir d’'une seconde ligne de données vers une
deuxieme page est exécutée en réponse a des in-
formations de commande et d’adresse fournies par
un contréleur de mémoire (103, 303) qui est distinct
de I'hote (112, 312).

Procédé selon la revendication 2, comprenant en
outre la sélection de I'une des informations de com-
mande et d’adresse d’hote et des informations de
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commande et d’adresse fournies par le contréleur
de mémoire (103, 303) par un multiplexeur de com-
mande et d’adresse (106).

Procédé selon la revendication 1, dans lequel cha-
cun des bits de données inférieurs sélectionnés
d’une premiere ligne de données et des bits de don-
nées supérieurs sélectionnés d’une seconde ligne
de données est transféré a la mémoire non volatile
(102, 302) par un bus de données commun.

Procédé selon la revendication 1, dans lequel les
bits de données inférieurs sélectionnés d’'une pre-
miére ligne de données sont transférés a la mémoire
non volatile (102, 302) par I'intermédiaire d’au moins
un premier bus de données, les bits de données su-
périeurs sélectionnés d’une seconde ligne de don-
nées sont transférés a la mémoire non volatile (102,
302) par lintermédiaire d’un second bus de don-
nées, et dans lequel le premier bus de données et
le second bus de données sont distincts.

Systeme (100, 300) préservant la fonctionnalité de
destruction des puces, le systeme comprenant :

une mémoire non volatile comprenant une plu-
ralité de pages de mémoire ;

une pluralité de dispositifs de mémoire volatile
(105) disposés dans une pluralité de lignes de
données, la ligne de données respective com-
prenant un chemin de données respectif et des
circuits de mémoire volatile (305) associés
respectifs ;

dans lequel chaque ligne de données s’étend
sur plusieurs dispositifs de mémoire volatile
(105) ; et

dans lequel les plusieurs lignes de données
comprennent plusieurs lignes de données dans
lesquelles des données sont écrites dans les
circuits de mémoire (305), et une ligne de don-
nées ECC dans laquelle des informations ECC
sont écrites dans les circuits de mémoire (305) ;
et

un contréleur (103, 303) configuré pour stocker
des données dans la pluralité de pages de mé-
moire de la mémoire non volatile (102, 302),
comprenant :

I'écriture de bits de données inférieurs sé-
lectionnés a partir d’'une premiére ligne de
données associée a un premier dispositif
de mémoire volatile (105) sur une premiere
page de la mémoire non volatile (102, 302),
I'écriture de bits de données supérieurs sé-
lectionnés a partir d’'une seconde ligne de
données associée a un second dispositif de
mémoire volatile (105) sur une deuxiéme
page de la mémoire non volatile (102, 302),
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et

I'écriture d’informations ECC a partir de la
ligne de données ECC sur une troisieme
page de la mémoire non volatile (102, 302) ;
et

dans lequel les données d’un dispositif de
mémoire volatile (105) défaillant dans une
ligne de données individuelle, telles que
stockées dans une page respective de la
mémoire non volatile (102, 302) peuvent
étre reconstruites par I'utilisation des infor-
mations ECC stockées dans la troisieme
page de la mémoire non volatile (102, 302).

Systeme (100, 300) selon la revendication 6, com-
prenant en outre :

une pluralité de premiers connecteurs externes
configurés pour recevoir des premiéres informa-
tions de commande d’'un héte (112, 312) ; et
un registre (104, 304), et

dans lequel le contréleur (103, 303) est configu-
ré pour fournir des deuxiemes informations de
commande, et le registre (104, 304) est confi-
guré pour commander des opérations des dis-
positifs de mémoire volatile (105) en réponse a
'une sélectionnée des premieres informations
de commande et des deuxiémes informations
de commande.

Systeme (100, 300) selon la revendication 6, dans
lequel chacune des lignes de données comprend un
multiplexeur de données (107) couplé a un dispositif
de mémoire volatile (105) respectif.

Systeme (100, 300) selon la revendication 6, dans
lequel chacune des lignes de données comprend un
tampon de données (307) couplé a un dispositif de
mémoire volatile (305) respectif.

Systeme (100, 300) selon la revendication 6, com-
prenant en outre une carte de circuitimprimé unique,
et dans lequel la mémoire non volatile (102, 302),
les dispositifs de mémoire volatile (105) et le contré-
leur (103, 303) sont montés sur la carte de circuit
imprimé unique.

Systeme (100, 300) selon la revendication 10, com-
prenant en outre une source d’alimentation de se-
cours (101, 301) montée sur la carte de circuit im-
primé unique et configurée pour fournir une alimen-
tation a la mémoire non volatile (102, 302), au dis-
positif de mémoire volatile (105, 305) etau contrbleur
(103, 303).

Systeme (100, 300) selon la revendication 6, com-
prenant en outre :
un processeur configuré pour effectuer une opéra-
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tion de correction d’erreur sur des données.
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FILLING A FIFTH PAGE OF NON-VOLATILE MEMORY WITH
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